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Brane inflation can provide a promissing framework for solving the fine-tuning problem in standard 
inflationary models. The aim of this paper is to illustrate the mechanism by which this can be 
achieved. By considering the supersymmetric two-stage inflation model we show that the initial 
fine-tuning of the coupling parameter can be considerably relaxed. SubPlanckian values of the 
inflaton during inflation can also be obtained. 
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I. INTRODUCTION 

Inflation has been initially invoked as a remedy for the 
conceptual problems of the cosmological hot big-bang 
model 0, . These problems are essentially related to 
the fine-tuning of the initial conditions. However, infla- 
tion itself has given rise to another fine-tuning problem. 
Indeed, small values of the parameters of the theory 
are usually required in order to guarantee a sufficiently 
long period of inflation (i.e. flat potential) to solve the 
problems of the standard cosmological model (as the 
horizon and flatness ones), and to generate the correct 
magnitude of the density perturbations supposed to be 
the origin of the structure formation in the universe. 
This has been a great challenge for physicists. 

Nevertheless, this problem can be removed in the 
context of the hybrid inflation 0, Q which is one of the 
most attractive models of inflation, and is particularily 
relevent to the supersymmetric realisation of inflation 
H where a flat potential is naturally obtained. Hybrid 
inflation has also adressed a second issue which is 
the superPlanckian values of the inflaton field during 
inflation. 

Unfortunately, these two problems reappear in a 
variant of hybrid inflation. Indeed, in reference 
we have proposed a model of supersymmetric hybrid 
inflation which describes a scenario of two disconnected 
stages of inflation, but this can be only achieved with a 
severe fine-tuning of the coupling parameter. The same 
fine-tuning is required in order to generate the correct 
amplitude of the density perturbations. 

Recently there has been a great deal of interest in con- 
ceiving our universe to be confined in a brane embeded 
in a higher dimensional space-time 0. Such models are 
motivated by superstring theory solutions where matter 
fields (related to open string modes) live on the brane, 
while gravity (closed string modes) can propagate in 
the bulk Hll|l3- In these 

scenarios extra dimensions 
need not be small and may even be infinite 0, IT^ . 
Another important consequence of these ideas is that the 
fundamental Planck scale M±+d in (4+G0 dimensions can 



be considerably smaller than the effective Planck scale 
M p = 1.2 x 10 19 GeV in our four dimensional space-time. 

It has also been noticed that in the context of extra 
dimensions and the brane world scenario the effective 
four-dimensional cosmolo gy may deviate from the stan- 
dard Big-Bang cosmology |lall4llallt*ll7| . which could 
lead to a different physics of the early universe. The ori- 
gin of this difference is the correction to the Friedmann 
equation which becomes 0, flEl ll6L Il7| 
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where A is the brane tension. The new term in p 2 is 
dominant at high energies, but at low energies we must 
recover the standard cosmology, in particular during the 
nucleosynthesis, which leads to a lower bound on the 
value of the brane tension A > (IMeV) 4 . 

With this modified Friedmann equation and within the 
slow-rolling paradigm the two slow-rolling parameters be- 
come 
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where, as usually assumed in the slow-roll approxima- 
tion, the energy density is dominated by the potential 
energy V. It is clear that at low energies, the 
two parameters reduce to the standard form .1] 

, but at 

high energies, V ^> A, this extra contribution to the 
Hubble expansion helps damp the rolling of the scalar 
field as e and 77 are suppressed. Thus, brane effects ease 
the condition for slow-roll inflation for a given potential 
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In the same way the number of e-folds during inflation 
become 
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Similiraly, at high energies this expression yields more 
inflation between any two values of the inflaton for a 
given potential. It follows from these two remarks that we 
can hope to solve or to reduce the fine-tuning problem in 
the inflationary models in the context of the braneworld 
scenario since as it has been mentioned, this problem is 
essentially due to the requirement of a sufficiently long 
period of inflation. 



ends when the inflaton reaches a value <j e ~ 0(M P ) 
(e(<r e ) ~ 1) which is much greater than a c = \/2K[i/g 
. The inflaton undergoes a phase of oscillations about 
its minimum during which its energy decreases untill 
the vacuum energy V = k 2 /j, 4 becomes dominant, then 
a second stage of inflation begins. The achievement of 
such a scenario requires the condition : 



II. THE INITIAL MODEL 

In reference we have contributed to the resolution 
of the problem encountered in the first realisation of the 
hybrid inflation model in supersymmctry: the generation 
of a slope for the scalar potential. Indeed, the initial 
version of the supersymmetric hybrid inflation was based 
on a superpotential of the form [T^ . l2Cj 

W = nS(-fi 2 + 00) (5) 

where (f>, </> is a conjugate pair of superfields transforming 
as non-trivial representation of some gauge group G 
under which the superfield S is neutrally charged, the 
coupling parameter k and the mass scale \i can be taken 
to be real and positive. 

Such a superpotential gives a scalar potential which 
is identical to the potential of the initial non supersym- 
metric hybrid model [3J, |^ but without the mass-term 
of the inflaton field . Such a mass-term is necessary for 
inflation since it gives the slope of the valley of minima, 
and then drives the inflaton to its critical value where 
inflation ends. 
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where ergo is the value of a 60 e-folds before the end of 
inflation, which is given by the expression |y| 

4- - \4-M - -«M <9) 

°60 |_kVV 2 k A* /. 

Substitute Eq.(9) into Eq.(8) yelds 

Act — 5 x 1CT 12 (10) 

The same value of the coupling parameter has 
also been deduced from the observational constraint 
6 H = 1.9 x 10~ 5 . 

This model describes a cosmologically rich scenario 
since the first inflationary phase may produce the homo- 
geneity beyond the Hubble radius which makes natural 
the onset of the second stage during which the interest- 
ing length scales leave the horizon. However, a severe 
fine-tuning of the self-coupling constant is required to 
achieve such a second stage and to generate the correct 
magnitude of the spectrum of density perturbations. 



Our approach was based on the modified superpoten- 
tial @ 

W = KS(-fj? + H>) + ^S 3 (6) 

o 

From the above superpotential we have derived an ef- 
fective potential of the form 

Vfr,*) = *(^-£)\?'££ + ^ (7) 

(where \ a —\ 2 s ) which is the same as the one of the initial 
Linde's model but the mass-term has been replaced by 
a quartic self-coupling one 1 . 

In the resulting model a first phase of inflation occurs 
where the potential is dominated by the cr 4 -term, and 



III. THE BRANE VERSION 

The above result may be interpreted as reflecting the 
simple fact that the two-stage scenario is less favourable 
and thus we should only consider the case of a single 
epoch of inflation where the u 4 term remains dominant 
untill the instability point a = <j c , which is identical to 
the original model of chaotic inflation [2l]]. However, even 
in this case a fine-tuning is inevitable as was shown in in 
reference |2^| where the COBE constraint has given the 
standard result : 

A o =4.2xl0" 13 (11) 

As it was explained in the introduction this situation 
can be improved in the context of the braneworld 
scenario, where the fine-tuning will be considerably 
relaxed in the second case. 



1 The scalar fields ip and a are proportional to the real parts of 
the scalar components of the superfields 0, <f> and S respectively 



In this section we shall restrict ourselves to the sim- 
ple picture of the so-called Randall-Sundrum II model 
|23|| where the matter of the universe is confined in a 
(3+1) brane with positive tension (the bulk space beeing 
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empty), and the higher dimensional space is non com- 
pact. The fundamental equations in this case are Eq.(l)- 
(4). Hence, by calculating the value of <jqo using the 
expression Eq.(4) of the number N we find 
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The condition Eq.(8) then becomes 
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In the brane inflation context the main cosmological 
constraint comes from the amplitude of the scalar per- 
turbations which is given by 
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In our model we obtain 
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where we have used the condition Eq.(13) to neglect 
small terms. 



The COBE observed value of A s is 

A s = 2 x 1(T 5 
Using Eq.(13) the above value implies 
X a < 2 x 10~ 12 
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which implies that even in the braneworld scenariothc the 
two-stage inflation requires fine-tuning. However, in the 
case of the simple hybrid inflation with a quartic term the 
result is very interesting. Indeed, if the cr 4 term remains 
dominant the value of ceo is given by: 
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and then the amplitude of the scalar perturbations be- 
comes 
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where we have used the upper bound of the brane tension 
□ 



A < (1.7 x 10~ 4 ) 4 M 4 



(21) 



The new result is then 

A„ ~ 0.8 x 10~ 6 



(22) 



or equivalently As ~ 0.9 x 10 3 for the fundamental 
parameter of the theory Eq.(6). 

With this value of the coupling parameter A CT the fine- 
tuning in the initial model has been clearly relaxed as was 
expected. Furthermmore, as we have also expected, the 
value of the inflaton field during inflation can be made 
less than the Planck mass. Indeed, using Eq.(4) the con- 
dition N > 70 for a sufficient inflation (with er e = a c ) 
gives the following initial value 



> 4 x 10" 2 M v 



(23) 



Nevertheless, the two-stage scenario is not completely 
lost but its achievement with the present value of the 
coupling paramter [Eq.(22)] requires superPlanckian val- 
ues of the inflaton. Indeed, as a minimal value of cr, in 
this case, the value a e > a c which satisfy e(cr e ) ~ 0(1) 
is found to be a e ~ 16 M c . 



IV. DISCUSSION AND CONCLUSION 

In this paper the model of supersymmetric two-stage 
inflation has been reexamined in the context of the 
braneworld scenario. The aim of this extention was 
to relax the fine-tuning of the coupling parameter in 
the initial version. This goal has benn achieved but 
without having two disconnected stages of inflation, or 
by keeping superPlanckian initial values of the inflaton 
field. The resulting scenario is then a simple hybrid 
inflation with a quartic term where the potential is 
dominated by a <r 4 -term. Such a model also requires 
fine-tuning in the standard case. In addition to this 
result it has been shown that the initial value of the 
inflaton field can be less than the Planck mass as it was 
initially achieved in the Linde's hybrid inflation. So we 
have illustrated how the fine-tuning, usually seen as a 
generic problem of the standard inflationary models, can 
be relaxed in the braneworld picture. 

The possibility of solving the fine-tuning problem 
in extra dimensions theories has also been studied in 
reference [2^] where the authors have proposed a gener- 
alization of the so-called assisted inflation |2(j (see also 
|27j ) for power law potentials where the Kaluza-Klein 
modes of the 5-dimensional scalar field constitute the 
source of the necessary multiplicity of scalar fields. 
In this model the 4-dimensional coupling constant of 
the K-K fields is determined by the 5-dimensional one 
divided by the number of the K-K modes. As a result the 
effective coupling constant is suppressed by the number 
of scalar fields present in the theory, which means 
that it becomes naturally small (to satisfy the COBE 
constraint) without the need of any fine-tuning of the 
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fundamental coupling constants. In the same framework 
the authors have also adressed the issue of the large 
initial values of the inflaton field in chaotic inflation [23 • 
They have demonstrated that for the initial values of the 
constituent fields many order of magnitude smaller than 
M p the value of the inflaton can exceed the threshold 
of few M p . While through this mechanism the solution 
of the above two problems depends on the number of 
the scalar fields present in the theory, in the braneworld 
scenarion it is directely related to the extra dimensions 
aspect of the cosmological equations. 

On the other hand, the hierarchy problem which is usu- 
ally seen as a fine-tuning problem can also be addressed 
in the brane theory j23, where in the so-called Randall- 
Sundrum model I with two branes the very small rapport 
between the electroweek and the Planck scales is due to 
the highly curved AdS background, which implies a large 
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